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(54) PRODUCTION OF ANODE FOR GENERATING OXYGEN 

(57)Abstract: 

PURPOSE: To produce an anode for generating oxygen having excellent durability by 
providing the surface of a conductive base body of metal Ti subjected to surface roughening to 
specific roughness with an electrode active material coating layer contg. a platinum metal oxide 
via an intermediate layer of Ta. 

CONSTITUTION: The surface of the conductive metallic base body consisting of the metal Ti or 
its alloy and having a prescribed shape is subjected to surface roughening by a blasting 
treatment and is further subjected to degreasing and is formed with fine ruggedness by 
chemical etching treatment, by which the center line average height Ra thereof is specified to a 
range of 3 to 8nm. The intermediate layer consisting of the Ta or its alloy is thereafter formed 
by a sputtering method on the surface of the base body at a thickness of 1 to 5^m. This layer is 
then provided thereon with the electrode active material coating layer contg. the platinum metal 
oxide. A mixture composed of 10 to 97wt.% (in terms of metal) platinum metal oxide and 90 to 
3% valve metal oxide of Ti, Ta, Nb, Zr, etc., is preferable as the electrode active material. As a 
result, the passivation of the base body is prevented and the electrode having the excellent 
durability even under severe service conditions is obtd. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the process of the electrolysis process accompanied by 
oxygen evolution, and the insoluble anode used mainly for the surface treatment of electroplating, such as 
zinc, tin, and chromium, and stainless steel etc. 
[0002] 

[Description of the Prior Art] As an anode plate for steel plate galvanizations, although lead or a lead 
system alloy has been used from the former, it has had problems, such as contamination of the plating 
liquid by the eluted lead, and deterioration of membraneous quality. The insoluble anode plate which 
covered the electrode active material which contains a noble-metals oxide in the base which consists of 
bulb metals, such as titanium, as an anode plate replaced with this is proposed variously. However, in the 
electrode which covered the electrode active material simply on the base front face, the electrolytic 
solution permeates from the crack which exists in an electrode active material layer, and an insulating 
passive state coat is formed in an enveloping layer-base interface, and even if the amount of the active 
material which remains is enough, it produces un-arranging [ of losing the function as an electrode ]. 
[0003] In order to control the passivation of such a base, the covered electrode which carried out flame 
spraying of the metals which have endurance under an electrolysis environment on an electrode substrate, 
such as titanium and a tantalum, to XP,48-40676,A by technique, such as a plasma metal spray, and carried 
out the deposition of the electrode active substance on it is proposed. Moreover, after carrying out the 
plasma metal spray of the metals, such as a tantalum, to JP,56-1 12458, A on a titanium base, exposure 
processing is carried out with an electron beam etc., and the electrode which formed the ruthenium system 
oxide with the thermal decomposition method is proposed. However, since sprayed coatings, such as 
titanium and a tantalum, are generally non-dense structures, it is difficult to prevent invasion of the 
electrolytic solution to a base interface, and it is admitted that the endurance in long duration use is also 
missing. 

[0004] In order to solve such a problem, JP,53-95 1 80,A is coated with a tungsten tantalum mixing coat by 
technique, such as vacuum evaporationo, ion plating, and cathode sputtering, on a titanium base, and the 
electrode which vapor-deposited the rhodium thin film further is proposed. Moreover, the interlay er of a 
metal tantalum is made to form in JP,2-282491,A by sputtering, and it is indicated that it is effective in the 
electrode which covered the electrode active material on it further preventing the passivation of a base. 
These electrodes are because of [ which is comparatively precise and has a corrosion resistance high 
interlayer ] having been formed of the above-mentioned various vapor growth. Although it is fully equal 
to practical use, since an examination detailed about the presentation of the electrode active material 
covered on pretreatment of the base at the time of interlayer membrane formation or an interlayer was not 
made, the anchor effect over an interlayer's contrast ratio, adhesion with a base, and electrode active 
material was inadequate, it was more precise, and room to form an enveloping layer with few pinholes 
and raise endurance was left behind. 
[0005] 

[Problem(s) to be Solved by the Invention] The purpose of this invention prevents the passivation of the 
base made into the problem in the electrolysis accompanied by oxygen evolution, and the insoluble anode 



currently examined mainly as an anode plate for electroplating, and is to offer the process of the electrode 

which has the endurance which was excellent under the severe service condition. 

[0006] 

[Means for Solving the Problem] Wholeheartedly, after this invention persons split-face-ize a base to the 
average of roughness height of the specific range by blasting processing in the anode plate for oxygen 
evolution and subsequently perform chemical etching processing as a result of examination, they 
complete header this invention for it being very effective in solution of the above-mentioned technical 
problem to carry out sputtering of a tantalum or its alloy, and to make an interlayer form. 
[0007] After split-face-izing the front face of the conductive metal base which consists of this invention, 
i.e., titanium metal, or its alloy by blasting processing, performing chemical etching processing 
subsequently and making it the range whose center line average-of-roughness-height Ra is 3-8 
micrometers, it is the process of the anode plate for oxygen evolution characterized by preparing the 
interlayer who consists of a tantalum or its alloy by the sputtering method, and preparing the electrode 
active material enveloping layer containing a platinum metal oxide in the front face. 
[0008] As a base of the electrode about this invention, titanium radical alloys, such as titanium metal, 
titanium -tantalum, and titanium-tantalum-niobium and titanium-palladium, are suitable, and the shape of 
tabular, reticulated, a cylinder, and a perforated plate etc. can make the configuration a desired thing. 
[0009] Grit blast, shot blasting, or sandblasting processing is applied to physical split-face-ization of the 
above-mentioned metal base. As such abrasive, an alumina, a zirconia, silicon carbide, Steel, a sand, etc. 
are used, and about 200-1000 micrometers is suitable for the particle diameter. The surface roughness 
after blasting processing is an element important for the endurance of an electrode, center line average-of- 
roughness-height Ra needs preferably 3-8 micrometers of things for which it has the irregularity of 4-6 
micrometers, and, as for the peak count Pc in that case, about 40-60/cm is desirable. 
[0010] It is possible to heighten effectiveness further by using the water solution which contains at least 
one sort of inorganic acids chosen from a hydrochloric acid, oxalic acid, a sulfuric acid, and fluoric acid 
in the chemical etching performed after blasting, and carrying out a temperature up to 60 degrees C or 
more depending on the case. This chemical etching processing has the desirable thing in which the very 
small irregularity by pervasion is made it not only to carry out cleaning washing of the base front face 
after blasting, but to form in addition to the comparatively big irregularity by blasting. It is necessary to 
fully rinse after this processing, and its ultrasonic cleaning by purified water etc. is effective. Center line 
average-of-roughness-height Ra needs preferably 3-8 micrometers of things set to 4-6 micrometers in that 
case, and the peak count Pc is about 80-120/cm. When the anchor effect over an interlayer and an 
electrode active material enveloping layer becomes inadequate when Ra is under the lower limit of the 
above-mentioned range and a upper limit is exceeded conversely, an enveloping layer not only 
ununiformity-izes, but by the heights projected beyond the need, during electrolysis, it causes 
consumption of the alternative electrode active material at the tip of heights, and a life falls as a result. 
[001 1] The thin film of the tantalum which makes the interlayer of the electrode by this invention, or its 
alloy is formed by the sputtering method on the base which performed the above-mentioned pretreatment. 
As sputtering, RF sputtering and direct-current two-poles sputtering are possible, and if it is magnetron 
sputtering, it is still more desirable. As for the thickness of a tantalum, it is desirable that it is 1-5 
micrometers, and in less than 1 micrometer, if it cannot fully cover with relation with shot processing and 
5 micrometers is exceeded, troubles, such as the difficulty of sputtering processing, will be produced. The 
degree of vacuum at the time of sputtering fully needs to remove the residual gas in the equipment which 
holds a base since a membrane formation rate and membraneous quality are affected, and cleaning 
washing by chemical etching is the most effective pretreatment also in this point. 
[0012] Finally, the electrode barrier layer containing the platinum metal oxide which has activity, 
electrochemically is prepared in the front face of the above-mentioned interlayer without electrode 
activity ability. As an electrode active material suitable for the electrolysis accompanied by oxygen 
evolution, a mixed oxide with bulb metals, such as platinum metal oxide or these and titanium, a 
tantalum, niobium, a tungsten, and a zirconium, is suitable. As a typical example, an iridium-tantalum 
mixed oxide, an iridium -titanium mixed oxide, an iridium-ruthenium mixed oxide, an iridium -ruthenium - 
titanium mixed oxide, a ruthenium-titanium mixed oxide, a ruthenium-tantalum mixed oxide, an iridium- 
platinum-tantalum mixed oxide, etc. are mentioned. Under the present circumstances, the mixed oxide 
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coat with which 10-97 % of the weight and a bulb metal consist [ a platinum metal ] of 90 - 3 % of the 
weight by metal conversion is excellent in endurance, the content of the platinum metal in an electrode 
barrier layer - metal conversion - 1 -300g/m2 it is -- things are desirable. 

[0013] Especially a desirable thing is a mixed oxide which consists of oxidization iridium and tantalum 
oxide. Under the present circumstances, although the effect the mixing ratio of iridium and a tantalum 
affects the life of an electrode is large and the mixed oxide coat which contains 60 - 95 % of the weight of 
iridium and 40 - 5 % of the weight of tantalums by metal conversion under a lot of gassing, such as 
galvanization Rhine, and a severe flow condition is excellent in endurance, the mixed oxide coat which 
contains 70 - 90 % of the weight of iridium and 30 - 10 % of the weight of tantalums by metal conversion 
further has high endurance especially. The amount of the iridium metal contained in an electrode barrier 
layer is 2 - 200 g/m2. It is desirable. Since compatibility with the interlay er who it is confirmed by the 
cross-section observation by the scanning electron microscope (SEM) that it is a precise coat with 
especially few cracks and openings, and consists of a tantalum or its alloy is also good, the mixed oxide 
layer of the above-mentioned presentation shows the potential stabilized over long duration, and its 
utilization factor of a barrier layer is also high. 

[0014] Although a thermal decomposition method, an electrochemical oxidation method, a powder 
sintering process, vapor growth including sputtering, etc. are mentioned as coating of the above- 
mentioned electrode active material, a thermal decomposition method is desirable. That is, after making 
an interlayer's front face formed on the metal base which performed predetermined pretreatment apply 
and dry these metal salting in liquid, it heat-treats at 350-600 degrees C among an atmospheric-air 
ambient atmosphere. The electrode active material enveloping layer made into the purpose can be 
obtained by "repeating the>above process dozens times. 
[0015] 

[Function] When making an electrode active material layer form in a metal base by the sputtering method 
conventionally, slight split-face-ization was performed while making the front face usually defecate by 
chemical etching processing. The thickness of the layer formed mainly of sputtering is the ultra-thin layer 
which is about 0.1 micrometers, and this will be based on the reason sufficient covering is not performed, 
if split-face-ization is made into size with physical methods, such as blasting. However, by thickness 
needing 1 micrometers or more, in case an interlayer is made to form by sputtering like the electrode by 
this invention, an interlayer with few pinholes is formed by performing blasting processing so that the 
average of roughness height according split-face-izing on the front face of a base to chemical etching may 
be maintained at the fixed range, and a base front face presents the three -dimensions-irregularity which 
shows the anchor effect which was excellent also to the electrode active material after this interlayer 
covering. Thereby, adhesion with an electrode active material also becomes good, and the anode plate of 
high endurance which has sufficient drag force to the passivation by the oxygen generated on an electrode 
active material is obtained. 

[0016] • ■ 

[Example] Hereafter, this invention is explained in full detail by the example and the example of a 
comparison. In addition, each % in an example is weight criteria. 

The alumina grit of grain-size #30 is used for an example 1, the example 1 of a comparison - 2 marketing 
titanium plate (10x50x1. 5mm) after cleaning with an acetone, and it is pressure 4 kgf/cm2. Grit blast 
processing was performed. 10% oxalic acid solution which held this at 90 degrees C - after 3 -hour 
etching processing and a stream - what washed one whole day and night and was dried in inside was used 
as the electrode base. When the granularity . on the front face of a base was measured with the sensing-pin 
type surface roughness measuring instrument, center line average -of-roughness-height Ra was 5.2 
micrometers. Only etching processing gave and used the above-mentioned commercial titanium plate as 
an example 1 of a comparison, without carrying out blasting. Moreover, the same blasting processing as 
an example 1 and etching processing were performed, using the alumina grit of grain-size #10 as an 
example 2 of a comparison. 

[0017] Next, it equipped with each titanium plate in the chamber of a DC diode sputtering system, and 
sputtering coating of a tantalum was performed for about 1 hour on condition that degree of vacuum ' 
lxl0-2mbar, 6-7kW of injection power, and Ar flow rate 600sccm using the tantalum target. Of this 
processing, the tantalum coat with a thickness of about 2 micrometers was formed on the base. The 

* 
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solution of the following liquid presentation was applied to this base. 

TaC15 185mgH2 IrC16 and 6H2 0 1000mg35% HC1 1 m!n-CH3 3 (CH2) OH This was dried for 10 
minutes at 120 degrees C, and 10ml was calcinated for 20 minutes in the electric furnace subsequently to 
490 degrees C held. Covering actuation of this electrode active material was repeated dozens times, and 
the electrode barrier layer containing the oxidization iridium of about 30 g/m2 was obtained (a weight 
composition ratio is Ir/Ta=8/2). 

[001 8] It is current density 300 A/dm2 in the sulfuric-acid water solution which makes these electrodes an 
anode plate and contains 80 degrees C, pH1.6, and sodium-sulfate 100 g/1 whenever [ bath temperature ] 
by using a zirconium plate as cathode. Accelerated life test was performed by chronopotentiometry. In 
addition, in the exam, time amount until a eel electrical potential difference rises by 5V was judged to be 
an electrode life. The obtained result is shown in Table 1. In addition, center line average granularity Ra 
of each sample shown in front Naka is. the result of measuring the titanium base front face at the time of 
pretreatment of sputtering being completed. In the example of this invention which performed blasting 
and etching processing so that it might fall within the range which the surface roughness of a base limited, 
it turns out mat the electrode life is prolonged sharply in spite of the severe electrolytic condition of hot 
and high current density so that clearly from the result shown in Table 1 . 

[0019] The electrode was produced like the example 1 except having performed as follows the conditions 
of examples 2 and 3, the example 3 of a comparison, and 4 etching. 

(Example 2) The electrode was produced like the example 1 except having performed the following 
processing to 17.5% solution of hydrochloric acid held for 1.5 hours at 70 degrees C (example 3) of 
immersion in 43% sulfuric-acid solution held at 65 degrees C instead of immersion, next the etching 
processing in an example 1 for 2 hours. 

(Example 3 of a comparison) The same accelerated life test as an example 1 was carried out about the 
electrode more than atmospheric-air oxidation treatment of 1 hour in the electric furnace of 450 degree C 
of etching place Michiyuki **** (example 4 of a comparison). The result is shown in Table 1 . As shown 
in Table 1, it turns out that the direction of the example of this invention which performed etching 
processing after blasting shows a longevity life. 

[0020] The electrode was produced by the same approach as an example 1 except being the processing 
which chemical etching processing of the titanium plate of example 4 marketing etches for 1 5 minutes at 
25 degrees C using a fluoric acid water solution 30%. The accelerated life test same about this electrode 
as an example 1 was carried out. A result is shown in Table 1. 

[0021] The inside of a presentation of the coating liquid used in case examples 5, 6, and 7 and 8 electrode 
active material are formed, and TaC15 Except having replaced with 1 85mg and having made it 39 or 
82,13 1,3 17mg respectively, the electrode was produced by the same approach as an example 1, and it 
considered as examples 5, 6, 7, and 8 respectively. The accelerated life test same about this electrode as 
an example 1 was carried out. A result is shown in Table 1 . 

[0022] The inside of a presentation of the coating liquid used in case the alumina grit of grain-size #36 is 
used in the case of blasting processing of the titanium plate front face of example 9 marketing and an 
electrode active material is formed, and TaCI5 The electrode was produced by the same approach as an 
example 1 except having replaced with 185mg and having made it 493mg. The accelerated life test same 
about this electrode as an example 1 was carried out A result is shown in Table 1. 
[0023] 
[Table 1] 
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[0024] 

[Effect of the Invention] According to this invention, it can be precise and a tantalum with few pinholes or 
the thin film interlayer of the alloy can be made to form by blasting and chemical etching processing on 
the metal base of an electrode. Moreover, split-face-ization of the base by blasting mainly brings about the 
anchor effect of the base to an electrode active material enveloping layer, there are very few exfoliation 
omission of an active material enveloping layer, and, further thereby, prolongation-of-life-ization of them 
by the thick superintendent officer of an electrode active material is also attained. Moreover, 
homogeneous coat structure with few cracks and openings shows high resistance to a lot of generation of 
gas, the erosion of the electrolytic solution under flow conditions, etc. Therefore, use in the strong 
corrosive electrolytic solution (under the condition that whenever [ bath temperature ], and acid 
concentration are high), and the rate of flow of liquid are large, and, moreover, the anode plate by this 
invention can maintain the function over a long time also in the electrolysis accompanied by a lot of 
oxygen evolution by high current density. 



[Translation done.] 



http:// 4.ipd jp .g jp/cgi-bin/tr n_ eb_cgi_ejje 



<i0>H*6Nfflffl- (j p) 02) & fft & (a) ammmmm 

^¥8-109490 

(43)&BBB ^8^(1996)4^300 



(51;IntCl. 




F I 




C 2 5 B 11/10 


c 






l /no 

1/02 








11/04 


A 












^11^ If IK^S 5 OL 5 I) 


(21 J mKSF+j 


If mPr" -21920 


(71) BP A 


000108993 










G2)tfJKH 


^7^(1995)2^9 0 










(72mm 




(31)«ftft£3M&# 


ft®¥6- 192362 




iwwb*Mi«*®m 2 tb 7 - 1 -301 


(32)«5fe0 


¥6 (1994) 8£16B 






<33)«$fcffc£$S 


H* (JP) 




^ftJg*MJiW®M2T@ 7-1-304 






azmm 


m 








WftMimiEOM2Ta7 - 2 -108 
















*JRHWfm-t3i3CTri26-20 






(74)ft?!A 





(54) HMOttft] ft9Ktt£fflft«OStt 



(57) 



(2 

1 

[asaasi ] &m+?yx\±*wi&fr 

v t y y$m*m ix ^m^nz r a a* 3 - 

/PXIi^^&^D&^fgiiSrt^t. 

0-97 M%fc J: W ^ur&B £ 9 0 - 3 MM%^ 

[is^js 5 ] mffivs^^s^-c^ >j 6 0 

-9 5£M%&tf ?y^4 0-5£ft%££W1-£B£ 
[000 1] 

Clt^i^S. 30 
[00 0 2] 

m*(om) mmm>->*mm&k tx. 
®x&®%&±tfmztix%tiff. mftttzmzxt 

tiitzftbmmt ix. *?y&MW7&jfLfrbtt& 

nf&&tm«&&ztix^z. Lfri%&t>. &fc$m 
izmmzmmsmnzmzuzmfaxu, nmimmm 

mcom^^x^-oxhmmt Lxmm^x it 
[00031^^^3 i^awsmtzimfts Jt» 

m£y?xv®mt'comx'-®M®mi, **>_t(c 

ft, #08885 6-1 124 58#^8Wi^ySft± 



W8- 1 09490 

2 

wtmmcomxzm<zbimL<. mmmizx 
vim&teiizxv&zb.i>m>t>tix^z. 
[0004] i%fflm*mmthfz#>iiz. wm 
53-9518 o^mmm^, a *y#>-* % , vm 

xrtv ? y yWw&teXM'f ygfoJulz? yfxr-y 
■ 9y?}Vm&&mz\-^4y7L. S^tos^A 

- 2 8 2 4 9 1 ^&ffifcfcU^y * U y?\Z& 

imzttx^h. z\iit>comm\i. ±Mm«cDm&& 
mzx ^B^tifzitmm^xmmco^\^mMi 

i v«m m&L l Tit Mt£ ifti± s « mm $ 

[0005] 
[0006] 

{zmx ^®Xb 6 Z t * & 3J Lfe i (0 

[0007] *^ii-r^i?^, ^mf-^>x(i^^ 

VMZ R a 3 -8 u m<7)$miZ ltz'& s 7,n»,9*)y 

r&\zx*)?y?)vx\ts:V)-§$LX o&s+ia/ifcift 

[0008] *muzm?%w&<vmt u-ctt, 
7, ^?y-^y^mv>i-*ym%&tiwmh 

[0009] iM^mmwmm^mm^zii. ?v 



3 

mmmzuz. z\fih^yxvM£Lx\rrjv^ 

fflSfU WW^2 0 0-10 0 0//m^#jg^ 

x-hh* 77Ahm®wmmmm^ m&mi&mz 

Aim, 0*t<^4-6jum6ODafl^W«ifc*<ie® 
?*>9* M^-mybPc[±4 0-6 0/c 

[00 10] ^^hatttSnS^Xv^y^t 
tt. SR. IQ& ftSU Oa^itfcSKK fc i> 1 
§^lW£Mf*^£1$fflU ^>Tte 6 0 

°CliLtC:#i&-t& Z£l/z£r> xmz&}Mk*&b$> Z£tf 

mmmzmffitwi-&mx'%< h^ism 

(28 0-1 2 0/ cm^TC^. Ra^iJflKHOT 
[00 11] #3fcBJi£J:*S^4VSB£&^y^ 

^7 ? y y/^i j: . x^ 

t CTffiT* 0 . b n y;^ *«/ ? y y fxtbti 
U\ ?>9)V<?>mm$ 1 — 5 ju & £ 
t^M^K > 1 mifalTW y 7 hMfli: <?M&X 

[0 0 12] ft&fc. ^fcttggfcmrfrVXJifE^ISIl 

f-?y. ?y?/k x*7 s ;y/xfy, i^nx»* 

A-f^yE^M. -f y^A-yUrx^A^K 
ftfc 4 y^A-;krx^A-f-^yS^l(Kkfft. ;P 
rxcrA-f-^yM^BHkft. /Pf^^-^y^;H 



(3) ^¥8-10 94 9 0 

4 

7SM%h^'^7^JS* ? 9 0-3Sfi%k*^dc-&^ 

m&j&cottmz&mm%x 1 - 3 0 0 g/m* ra s 

[0013] ftfcifsfe Lu<of±, K£>f y ^AfcBtfk 
?y*AJ:9£*;E£BMt«!reas. 4ys*> 

a 1 9 v?)v<nm&iwwmmuzmj^wm$±% 

2S»&#TKfcvrtii. &Mm£ttMyy*»?A6 0-9 
10 5SM%W'?y?/M0-5gfi%£l^-fl>;&£$ 

^TO«Ait^®nr^^^H^^mmTM y v 

^A7 0-9 0aft%^J:l>'^y^;U3 0— 1 0Sfi% 
Sffi^ttfll+^iilS^ y S^A&KflJNS 2-2 0 

£B?Mtt { SEM) fcJ&KiffifUKKJ: 9*I*>tf>£> 
*U *fc, *y*/WXtt*o£&*^*S+ISBi:tf>« 

[ooi4] iMmM^ncommmt lt«, m« 

L^^RSf*±tm LK*wB<mmizwft Lxm 
*&mw%,*3 50-60 o-cx-mmmz 

[00 15] 

30 Um] fl!*. ABaftfcWJSHMtafe^v^yy 
ftr> X V *fc . i fiJii £VXXrt*>$VV7faWim 
atWfcfi&v ^ ^ -5 Site <fc ^ or* 5 . L* 1 

z^hmz\$wm$ \ >i.m\;ih$:>m£L. mmmo 

WWkHt^vl-yWzX&nKxZcK . fWJ 

[00 16] 

50 mmi. 



» 



5 

TfJllR**y£< 10X50X1. 5mm)mhV(: 
TJMIiS. &J£#3 0£07^3-^'J-yh£EK J5^ 
4kgf/cm2 T'^U 7 fy^b^S^JfeLfc. i 
il£ 9 0 *Ct=fi^ Lfc 1 0 %lfflm®Z' 3 K*|SJx «y ^- y 

£$I£U:£^ *C>*8¥^ffiSRaii5. 2umX 

2 1 LT®£# 1 0 (JOT/US -H"J v h £ffl^T^M 

[ o o 1 7 ] &fc*ive*u^? y«*agszffix^y 
*yy^fio*+yAH*Hc&*U fyfji'f-'Sr 

— 7kW. Arof[i:6 00s ccm<7)^#'Cj^lB#^^ 

y^/i^xK^yy^-r-r y^£fr-5ft» <ico^ft 

TaC 1 5 18 5mg 
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